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Project Title Effect of simvastatin on the protein and mRNAs level of

enzyme matrix metalioproteinase-9 (MMP-8) in osteoblasts

Name of the Investigator Assistant Professor Dr. Pasutha Thunyakitpisal
Year October, 2002
Abstract

MMP-9 is a member of enzyme matrix metalloproteinase group (MMPs) that has been

associated with the pathclogical stage of periodontal disease inciuding alveolar bone

resorption. The purpose of this study was to investigate the effect of simvastatin on the enzyme

activity, protein and mRNA level of MMP-9 in osteoblast celi line U2-0OS and primary calvaria

cells. The results from gelatin zymography and western blot analysis indicated that simvastatin

,at concentration 100-500 nM, suppress the MMP-9 activity and the protein level within 24

hours in calvaria cells. While simvastatin ,at concentration 5-15 uM, reduce the MMP-9 activity

and the protein level within 48 hours in U2-0O8. RT-PCR analysis demonstrated simvastatin

downregulated the mRNA level of MMP-8 expression in dose- and time- dependent manner.

Taking together, these results suggest that simvastatin could downregulate the MMP-9

expression in osteoblast.
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1-2 U azgnuanangauseaiiiagunsegn (periosteum) UazIUaIERNEATTNINTUID
=i . . Y 3 o 2
neivanAsue (sutural fibrous tissue) @'1ﬂu‘wﬁuﬂ?:@ﬂﬂ@:gﬂwﬂﬁummmﬁ?zmm 2%x2

Aadlums wazelesdeieulaineaanaius 91a% Il (collagenase type 11, Gibco BRL) #1
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37 °C fluan 30 i Gnﬂ&umimmm:gnﬁwﬁ@mummm‘i‘a%m‘:ﬁ:@ﬂﬁﬂm15*'3
4,000 sausteunil e 5 it anifdunszgniasgniesselfonieylnineaatdie
ailod 1| p¥saz 20-30 wiil Tnstadiuanldanmstienusiazass azgniunidy wadsie
ﬂ?:@ﬂﬁié’mﬂm?ﬂfaﬂﬂg’qﬁ 1,2,3 W@z 4 (calvaria cell fraction 7 1, 2,3 WAz 4) ANNAAL
L%ﬁﬁié’%gﬂﬁﬂﬂL%ﬂdiu@ﬂuLgﬂaL%aﬁ 2R 35 HAALWAT (NUNc) L IaRAZIATYULINAY
Suaudnagadnielu 7 5u mn%u%qndmmmmﬁmLs;im‘{mmm 60 HaawumT (Nunc)
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gouadainnszgnaaauyee (U2-0S human osteoblast cell line, ATCC
number: HTB-96) 151"3‘/‘1Jﬂ'3’ml,%1®l,%m7ﬂ Professor Maea-aki tkeda, Tokyo Medical and
Dental University, Japan lntiaaaairenszgn (calvaria cell) Waz U2-OS osteoblast cell
line @xgﬂL?vymﬁqamma‘mwu'gmLeﬂ@@"?né‘u%nﬁu (DMEM; Dulbecco Modified Eagle’s

Medium) Nilsznavdiasanssznausine Aa T34 (Fetal bovine serum) Avsiidinduianay

20, uaa-ngenilu (L-Glutamine) Aauiduduy 2 adluans, wulldau-a (Penicilin-G) Aau
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Windu 100 gilsviiaaans, awsuindadu dawm (Streptomycin sulfate) Avsiduds 100
TulasnfuAiadans wasuaniinesdu 4 (Amphotericin B) Aaxidudu 20 Tulasniuy

fadans amspaadiavafssznauriaunaliann GIBCO (USA) antiuagazgn
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(Nucn) %58 500,000 tad luauwizipasasnilidusingudnans 100 Ragwmms fae
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MRS AENRIENN T N eay 10 Wadnumuadiinnzidesfiulauasdl
. y X . X
RnuuszinFBEAT 80-00 TRIRUWIZIRENITAR (90% confluence) BMISIWILAELN
wagargnilasuilvatiamlsranndiu e 16-24 dalue antuazilfowdluetms
X as i = £ t:J o 1 o/ &5

NlaeaLsARN TR Ras TN A RuRszAuAsdudusinaty auasufiuos 24 uay
48 0Tue ANt IMISINIZIALNEAS (conditioned media) A¥)NFILTINNAATIATATLAL
asnanueeseulElBnENA-0 FoeRTlaluns Wi (zymography) wazdintiunniaes
i lasliEnI8nn-960238 Western immunoblot analysis dauiaasazgndnifiLiiausnanin

anfidueinsiasaly

N1265993AN TN NN w8 aNRA-9 frddiaasRulalunswR (Gelatin

zymography)

3399 Gelatinolytic activity 1etieulafiaaafiug andtaruaiunsnaediaulsdly

=

nnssasdanaratiy Taagluuiuasdunen faudasainasansiifind” Tdsfiunetlu
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mmﬂémLﬁmzﬁgnmummﬁqmwmmu (conditioned medium) A¥GNUENANNHUIA
TuianadazdgniauansaalWiin (Electrophoresis) Tuaniaz non-reducing #ae 10% SDS-
PAGE 7131 0.1% laaaiiu anntuuriueaazgniilluglugnsazans Renaturing buffer
(2.5% Triton X-100) 1fluiaan 1 F2Tua uazsihliudluansazane Activating buffer [50 mM
Tris-HCI, 0.15 M NaCl, 10 mM CaCl2 waz 0.02% Polyoxyethylene ether(Brij-35)] uaan
16-48 dalua Aamamnsalunistiesaanureenlmiaaanfua-i azasaindanig
#iau@ Coomasie brilliant blue R-250 Tmﬂmswmqugﬂﬁﬂ%ﬂ@ﬁwﬁﬂﬂ 2 aks

n19R3293 a3 ulLsFsasi98 Western immunoblot analysis

swnuLazduRau Aanlasainansarsianud - inadanalUsfuluatmateqag
N1gN991UINNAININARAL (conditioned medium) ANIANAIMUARINTUATAMNTIALS
iasazgnindaandndureclsiudaagansadniBuinlilsdiu (BI0-RAD) Tishiu
50 lulasnfuazgninlihemtunan 3 wi udathanuandoanszua iy
. 8, = & d‘ 9 v %‘/
(Electrophoresis) tng/ldazazanungsiaannonuidududanas 10 (SDS-PAGE) aniiu
TsAiuazgniaraudnsannueuas lUguiruusu ( PYDF membrane) oglivlfin e
PVOF azgni ltlutluansazans Blocking solution iflutaatasinedias 1 dalaudaninlyl
nagaLALLaURLARATIRNIE (monoclonal antibody) Aataulmalidudui-9 (Sigma cat no.
M5302, USA) ifluiaan 16 4ol mudnauaufivennmagintieulsdilefeandna (Anti-
. H N N e = 17
rabbit IgG peroxidase conjugate, Sigma cat no. A6154) warnraadniFunadlshiusan
Enhanced Chemiluminescence (ECL) western blotting detection reagent kit (Amersham

Life Science) Taadtyrynnildazdanguusiiiasinuaonudniuraseulsdifugui-o

o =y [y A 3 L) o 8 .
wardtN1701 L Ams g AT A NdNd LG InTRes GS-700 Imaging
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densitometer (Bio Rad, USA) uazA1uqusaallsunsu Molecular Analyst Software version
1.5, Bio Rad, USA)

AFAsIEIaNSIeuRLNg i@ fiaeAE reverse transcription-polymerase chain reaction (RT-

PCR]}
PRy 12 " - @ s v
ﬁ‘ﬂLLUULLﬂwﬂu[ﬂﬂu ﬂﬂLLﬂﬂQqqﬂQ’l?ﬂ’\?‘ﬂ WUW Iﬂﬂﬂ’ﬂﬂ‘ﬂ@'\ﬂﬂum@qﬂLsﬁﬂﬂﬁ?’N
nszaniaelugniazdnesy azgnuansaaans TRizol mudaauuziineBmgnan
. g o dl b7 Gy & 9 dl
(Gibco BRL) ‘lﬁmm*ilﬂ\‘l’ﬂ’m’aul,@wLLﬂﬂim@tgﬂ')Lﬂﬁ"}wmﬂ UV-spectrophotometer w1 OD
260/280 aniutiienfidue o 2 lulasnfuanusngunssesazgnilaswiu single
strand cDNA Tneiawlad reverse transcriptase uazaenadtyeyinudiaeljisen PCR 25
& . ‘ﬂ[ 2/ 9 o
9ot toeld forward and reverse primers naanuuulidaanaass (complementary) fiu
cDNA 9a9aulduieni-0  Tnadnyuiuilfazuansdesfuanfifueiiriaeastutuduii-
r_‘ll =] o’ t o a w o o’ al 2 d’ [
9 LW'ﬂLﬂumﬁ‘ﬂuﬂum "Q'\HQU@"]?L’BML@N'\TT/‘@L?NmuV\I“?ﬂUﬂqﬁ‘?lﬂ']ﬂ 43138 Wmmﬂﬁqul@ﬂ
] ~f 1 ‘o/ &
WUN-0 NFNNauyvinAY UuntuaedaY glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) Faiflu house keeping gene ‘-\”ﬂﬂmmﬂlﬂ’m vﬂ;ﬂ&mmﬁﬂﬂ forward and reverse
. - Ey o o =i A e a
primers neanuuuliasnndas (complementary) 11 cDNA 999914 GADPH WaLilusnaL
Aunelu (internal control)  Imel PCR product@vuﬁN’ILLﬂﬂmﬂﬂ?“’lmvlﬂ\mﬂu’a nisa
. tﬂ, =4 ar dl 2 ] 8
AR (gel electrophoreas) LW’ﬂLﬂ?‘ﬂUW\ﬂU mnﬁmmv\,mﬂ'mumamquwmm

N139ANZINAaT ATaY A

n1sanssineatatayan liasgntmszineatflaeldllsunsy SPSS

(Statistical Package for the Social Sciences) PIALDAS {(mean) LAZANNNLLIENLLI

H
=y

NIATFIU (standard deviation) UAZALATIZTANNUUANANITBIRTUIUT AR LUNGNT



nagaudaeanstnamRuiLnguacunu e ldadminsviannulssauiuuas
RNHER (One-way Analysis of Variance) WazLULNARALARY scheffe PrziuANN

Fasluiatay 95

14



NAN1IAY

#1391 AP RAUARATZALA TN N WAL Il f L E L A-0 Tumas U2-0S

Ada} o

wazhu lelune i 1hidsngnidaunldinsssunminnuaaseuladngsiann

al

]
=]

d‘d ! @y Qdagllczl
NN@msnENZ IuNNs LR L AANELAABIY TR U

Ly

L Imﬂmﬁﬂ@mmmﬁmmmﬂw
arnlagaunn ansnsadaanladlussAuilaniu (picogram) nlienlasii@udun-o
Fegnuanaunasluenafaeisnisuansoslui luaniaz non-reducing 1fialdiing
suannaaeuladlfes luamwimanzaniunigines  asinldaunsndeaiaa
- d' 1 a’ﬂj = [~ di 9/ 1 b2 .
Aunnanaeluiiana Madluioulareasiafonuiuaadiaansazae Coomasie
iy s:i dl[ d‘u/ = Lo i 9 o e % =
brilliant blue TnscRdouBUIBIAs N A Iaa FURL Az gnianBiaRun Ry
annaafulaluns Wl wudainan 24 dalus anstuaawRuliinasanis
Wasuasasrsaueilalifndun-o 1eamas U2-0S  luanisinagauiiliinad
48 G913 LINHN1AA AR LA UNINN M e @u T B LS UA-O AuATAUAINN
9 9/ = o Adl tal tg d‘ al = d’ 8 d‘ i =S =4 ar
duduaesansTuotawmmuninauy U7 1) fdsssuniaulaiiaasnanatisia seau
neneueedienlrlidundui-2 vie warhiug-a Teluoaluanalssunn 68 kDa i
msasuilasisadnidas e Baudauiueulsidudui-o
di ] oy = 12 1 1 & o [~
Wanagaudngnsdunnamiulidnalaanssianistesaansieulalifiudun-o
fgnudteanutanueniEas  Gatiu conditioned media AfiLnaNrad U2-0S u

anzilsAannd@in gninmesauiuasiunawiuissaunnudidusaragly

annaziaadantunuauRnagauluas 1unan 24 way 48 Falue waatinun
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Apzidaeitnaziiu lMluns  wanimaseanudnansduanannuliilnensesie

. P T gy - S
nstiasaattieulnliduduii-o Taglu conditioned media (3u# 2)

=1

asfunnawiudisnsoanszaueulrduduingnudieansiusniaad U2-0S

Walflunastiududn wouldsfunwulseitiaaziu lalungw 1
wulaliduduf-9 33nasau Western blot Ieelduauiuenieniziaeulaiidudy
-9 uarasadnlagds chemiluminescent gninanld  anmmAsaINLIdn @a19FuINa

=Y dl as $ b7 & ars =) & o
wWAnnrzAuAadNdu 5, 10 uaz 15 lulasluang ansnanssaullsiueulsiidy

WBu-9 atleiliidnAny Naan 48 Falas (U 3)

A9 TUNALNFUAINNT0AAT AU IEUR NN aTe e w lnifu L EuR-0

Lﬁmﬂum@mmww,m:mmzwnmm?ﬁﬂmmmmzﬁuiﬂ?ﬁmmL@u”lfnﬂtﬁu
WBNA-9 INANNTanateaanisuLladtyai (translation) 198 n1seUsdaTEIAY
(transcription) 1BARAFNNTZAN U2-0S gnnadaudatansdumnammuiinanudud
uansnaiy et 24 Galius veanadeudenansTunamRuiisrfuanudindy 10
lulasTuanf toeadazgneausaniiszazionnd 0, 4, 8, 16 uaz 24 Falaa aMntugad
azgneusiiausnaeenfifiue mnﬁfummméﬁfa’umﬁﬂa‘ﬁ'ﬂ@zgﬂﬁqmmmLmz
Gt ‘Va&!apmﬁw‘%‘ﬁ' reverse transcriptase - polymerase chain reaction (RT-PCR)

a1n RT-PCR wudseauanfiduainsiderataulslitudui-o apmuszay
m’mzfi’fﬁmﬁLﬁm%mmmzﬂmmﬁLﬁm’%mﬁ@mm@ué’wmﬁmmLm?m (gﬂ'ﬁ 4 Uay

5)
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= e ar Z’/ o o = Lol @ = L2
ANTIHITRLARUNNAEILIEN ﬂ’lﬁ‘Vi’l\i’lULLﬂtﬁ‘zﬂUiﬂ?ﬂu?}@\‘iL‘a‘hﬂ,‘}fNL@NL@ﬂJW% luag

¥ = -
afanszanfiuenanneinandsweradny
d‘ 5 451 & LI ﬁ: b4 & [~
Hasarnuad U2-0S s lafaaatadainanszgni ifunanngaduzifaze
df = n:l‘ = o‘d‘ ¥ = [ & 9 - ZJ/
nszgn IanaliniaiasuutlaangRnssuaeatadn milleutuaadainnsegnung fedy
-7 d‘ = =3 d’ ¢ 1 2 @ =
waaaienszgnienatnngivandsreassyusniin Nldandeasnsaulairaaaiang
T1R%sN 3-5 (calvaria cells fraction 3-5) AIgNINNIMARAUAUANTUINALARUNTLALAY
2 2 =] -4 [x3 GI/ f‘// rie .
W 0 89 500 wnluluand uean 24 4alus antiu conditioned media azgnsavsay
dl 2 ey = ! . 1 )
Wanasaufaedsiaaiiy lalunsui uaz western blot analysis HAN1TNARBINLGIANTT

MAMRUTEALANENDY 250-500 unTuluans Nuaduginimnaunazszaullsfuaag

e lalifududi-o (317 6)
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n1sandseaa

Tu3ds a5l WunsAnEINATaE Tt NN AR RusAR T AU u s S U S uA-
9 luaaaaFwnszgn laeld wadaFanszgniuanainneuansseaay (primary
calvaria cell) Lazitad ladaianszan U2-0s  TaaAnmlundaaanisinguees
wulad szduulnignaiuasudsasnuinauenigad wazssauanfifuainsia
TaeATEariu laluna Wi, western blot waz RT-PCR ANN&6L FIHANINARAIN LS
HANAAAARBITULASIALALIEIN lugadainsznn a13FuanRuaIN TR

t% =i & o [ o k73 o’ o‘d‘ nlz -]

nrnansviatatanan B aun-0 M Rrrsunulnifvataani a1
aasieulgaianaimuatsy  TngansduanamRuanufsasugansaFeeulidusy
#1-9 luadairnszgniuanainnzinanfswe svauarsidudu 250 - 500 wnTuly
anf uaz uaziad lasiaienszgn U2-0S Nezduaaududu 5-15 lulasTuand mu
e

£ b7 o ¥ W Y = d’d { 9 & 6 <

DausINrzA AN N WARIN TN AR UR N NAsaNITa Tateu i
-9 lugadaianszgnyassazuansdeiuuin  Seanaazasune i luudaausas
a¥enszgniuanannzivanseulu primary cell cutture R puaNTRAG e
saaaienszan douiaadlaiaianszgn U2-0S Wugaauzsnszgnidatiang
autiRadefumadafensegnind wimes lailanadinnsulasuutlaalaseairanig
Tuuaznisninaurasdas Mllanasnsonusennaresa1stuamnulimnd

1 (] | = oy S d‘d ] L4 d‘

atglsfnannnnmagaupuilufraesarsiunamiunlsema s a5 19nszgnnLen

annnzInanAswzuay wagd U2-0S FaeRsaassifnegndudin (MTT assay) wuah

sysumNdudumesanstuanamiv 2 lastuans waz 20 lulasluans Hanudlu
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AHFDTAR NTLAHUAINEDTU 99 1lafirus ANAFL AT UNITAARIIDITZALIBNS

Wuletnianaznsaiallsfiuaslidifnanaruifluierasasduoainziu whine
= PR pR o P - & . < & o

ANNHATAIANTTNINRARUN AN 0aATTATadRNe N S UEUR-0  Ussifufunau

o

lasiallpe 22duANIT N LI89815TNINELHRY 250-500 w1 luluans

] i o

=
PinasiaseA
ulaliEdnd-o lwassaiansegniivanainnylwandswetu agflutasszdunanu
duduinulunszua@enresdihenlffuasgunamaulunisaunussdunanna
masea 9oy luAsendne 20270 wluluand™ faduitada¥enszgniiueanann
nelvnanAsyraeny Samunzansen AN YAl TN AR URanIsLanIRaN
= L3 =3 T
gasaueauladidudui-o
& [ =4 o o 1 o =t rdld
anlalifasun-9 SunumérAnysianisimuirensean Taeduewlaing
AINEINNsD U sEetARARALITAT |, 1Il, IV uaz V sauieattanasauigneas
aanasneaulalifniufi-1 vie reaanalus-1 (denatured collagen/ gelatin) - uwy
d‘ 13 <l 6 g el . = -4
naseangnvtateantaeulsdifaduii-o (MMP-9 knockout mice) wullAa uand
[ % | ° . 55 e ar AE 9
189NN dautesdnstaslanszgn (bone marrow cavity)™ waziinnsWamNNg
ndnnfaeenszgniiFians growth plate uaznszgnimuINIAINTATINIZgNEaw
g . 39 4 9 8 & @ & e AL s
(endochondral ossification)™ fauddumumaadiaulaifudun-9 Mnasameed
@ I} ¥ o 3 [ 1] d‘ Y L34
afanszgnsianisaisisraananszgnddineuiidn  wiilenszfuadain
nszgninaefluwibeaislalnamafinastesiunisaanansegn wu wislnsees
aafluu 38 Tumor necrosis factor — aipha wunin1rgiraeu i@ ndun-o nnau
felndnfulunmeanddaanisldansiudennsitnuaeeulodifudui-o luuyh

¥
= @ 56 o o
gnnszduliifiannslentiius wullinsavaraaasnszgnitifiuanas” fauelod
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<3 & ol ' IS dl 2 o 2 o & } ]
\EENA-9 haziidownendasiunmsazanansegnidiiuzeddsaviug 8inas
i L3 < =y dl GI/ -4 [ dl k24 o’ ]
auouuzdeulnlEEnn-0 Indannaasaitanszgniasifaadestunisista
WuRareInszen IaenNstiasaa e anIuAINEUaNIIAs (extracellular matrix) 1151
R - A 33-34
naipaauiidneentewtadasanszgn uaznsBusuresnsaatenszgn” o lag
aaaiNnszgnavinnistiasdouansdunsdndslimnuanaesansefiuvad
(nonmineralized organic matrix / osteoid) sasiaultinaaaramgiazionlaiiaass
wa  adludesdiamsue (exposed) dauraanszaniinnranasaliuvad (calcified
bone) W lMladaaunszgnasnsardnundudafiuiuianseanuazFunsyiounis
ARNENTZAN
anstuonammuiuatsiunguamau ldinemanudalunisifiuing
nszgninasanlufileuasnymaaeanldfuasaniiu Tawinnalnfiwiasedalaingu
widn usldinnsiauaiuzdn asamiuatasanisaienszgnival viseannisaans
=4 g// ] Yoo =R = 4 &
nszanirevidatadne  Mnnemenuiumaresasasiulunisnsysunnsa¥aans
. . d‘ ) = dl ] o . ‘ .
bone morphogenesis protein (BMP) TilultsAunisan1swmun (differentiation) 484
waAasNNsEAN” nasAuNUdIa ST amRuaNnsnduintsaiaeu B g
=) & o o B Z// gl’ 4 i 53
#1-0 luadainanszgn Tuseiunisnansiaresduluniemeuaisll dalddntunis
-4 3’/ =) 9 = o z’/ & ]
AunuAfawsn nerzainnisaudumaedideiu delilweanunismeauluairaisin
Aau anuanimases auewurdignsdunnamiuiiasausasiunlszend iy
ansfiudanisaansnaasnszgn laesunsdudinisafeulaidndni-o luaed
aianszan usetiglsfifnisAnenaratasinananiudasyiuaulninaaaifig

53]

Fafhudulmninmdestunistesreaananaiian | fufluasfsznaudoulunjaas
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nrzgn UARAFNIZANIAITAEARIENTZAN AREARUANETNNITAILANNITADA
L% ay L3 @ ol 2 dll o
sinaesRueulm 8- Inanisld promoter-reporter gene assay a4

984 promoter IasauieKlnENENRA-9 uarilarduallsiunnevaualseasduanag

'
=

wiy lwaadainnszgniu du@siniauazihaulalunisdnesialyl

Tasgl

anstunaRuaTnanszaueulnlifnfun-9 NaFeainaasa¥ensign
Taafnaldfuganisadeefifuetnnia mldinnsulsdyimuannanaanfisuiain
sialldanalisfiuaniionns Inausresa1sdunnafunisianisafaeuloifudui-
9 luldmuszazinaiuazmnududuniinay astuawiunseduaududu
, i N : L « ; 3 g el
250-500 wrtuluans uaz 5-15 lulrsluanf avunsoannisaiaeuladidudui-o lu

& W n} L4

wasaFanszgnfiuanannnsivanfsurasany wazlugadlatiaianszan U2-08 A1

AP




22,

1aNE98N98
Yoshihara Y, Nakamura H, Obata K, Yamada H, Hayakawa T, Fujikawa K, Okada Y. Matrix
metalloproteinases and tissue inhibitors of metalloproteinases in synovial fluids from patients With
rheumatoid arthritis or osteoarthritis. Ann Rheum Dis. 59(6):455-61, 2000.
Ahrens, D, Koch, AE., Pope, M., Stein-Picarella, M., and Niedbala, MJ Expression of matrix
metalloproteinase 9 (92-kd gelatinase B) in human rheumatoid arthritis. Arthritis Rheum. 39;
1576, 1996.
Makela, M., Salo, T., Uitto, V.J,, and Larjava, H.: Matrix metalloproteinase (MMP-2 and MMP-9) of
the oral cavity: cellular origih and relationship to periodontal status. J. Dent. Res. 3 : 1397-406,
1994,
Ingman, T.; Sorsa, T., Lindy, O., Koski, H., and Konttinen Y.T. Multiple forms of gelatinases/type
IV collagenases in saliva and gingival crevicular fluid of pericdontitis patients. J Clin Periodonitol. |
21:26-31, 1994.
Teng, Y.T., Sodek, J., and McCulloch C.AG. Gingival crevicular fluid gelatinase and its
relationship to periodontal disease in human subjects. J Periodont Res. 27 : 544-552, 1992.
Birkedal-Hansen H. Role of matrix metalioproteinases in human periodontalkdiseases. J
Periodontol 1993, 64 : 474-84, 1993
Woessner J.F.,.Nagase H. Matrix metalloproteinases and TIMPs. Oxford University Press, Inc.
New York, 2000.
Masure S., Proost P., Van Damme J., Opdenakker G. Purification and identification of 91-kDa
neutrophil gelatinase. Release by the activating peptide interleukin-8. European Journal of

Biochemistry, 198: 391-98, 1991.




9.

10.

11.

12.

13.

14.

15.

23

Corbel M., Theret N., Caulet-Maugendre S., Germain N., Lagente V., Clement B., Boichot E.
Increased activily of matrix metalloproteinase-9 (92 kDa gelatinase) and neutrophil recruitment
following chronic exposure io endotoxin in the mouse. American Journal of Respiratory and
Critical care medicine, 157:A567, 1998.

Trocme C, Gaudin P, Berthier 8., Barro C., Zaoul P., More! F. Human B lymphocytes synthesize
the 92-kDa gelatinase, matrix metalloproteinase-9. Journal of Biological Chemistry. 273: 20677-
84, 1998 : ¥
Lorenao, J.A., Pilbeam, C.C., Kalinowski, J.F., and Hibbs M.S. Production of both 92- and 72-
kDa gelatinases by bone cells. Matrix 12: 282-290, 1992.

Kusano, K., Miyaura, C., Inada, M., Tamura, T., Ito, A., Nagase, H., Kamoi, K., and Suda, T.
Regulation of matrix metalléproteinases (MMP-2, -3,-0 and -13) by interleukin-1 and intetleukin-
6 in mouse calvariae . association of MMP induction with bone resorption. Endocrinology 139:
1338-45, 1998.

Okada Y, Naka K, Kawanura K, Matsumoto T, Nakanishi |, Fujimoto N, Sato H, Seiki M.
Localization of matrix metalioproteinase 9 (82-kilodalton gelatinase/type IV
collagenase=gelatinase B) in osteoclasts : implications for bone resorption. Lab invest 1995;
106: 1071-82

Reponen P, Sahlberg C, Munaut C, Thesleff |, Tryggvason K. High expression of 92-kD type IV |
collagenase (gelatinase B) in the osteoclast lineage during mouse development. J Cell Biol
1994;124:1091-102.

Delaisse J.M., Engsig M.T., Everts V., Ovejero M.C., Ferreras M., et al. Proteinase in bone

resorption : obvious and less obvious roles. Clinica Chimica Acta. 291:223-34, 2000.



16.

17,

18.

19.

20.

21.

22.

23.

24

Onyia J., Hale L.V., Miles R.R., Cain R.L., Tu Y., Hulman J.F., Hock J., Santerre RF. Molecular
characterization of gene expression changes in ROS 17/2.8 celis cultured in diffusion chambers
in vivo. Calcif Tissue Int, 65:133-8,-1999

MeClalland B., Orvis J.. Miles R.R,, Tu Y., Llang J., Harvey A, Chandrasekhar 8., Hock J.,
Bidwell J.P. Intermittent administration of parathyroid hormone (1-34) stimulates matrix
metalloprotienase-¢ (MMP-9) expression in rat long bone. J Cell Biochem 70:381-401, 1998.
Kido A., Tsutsumi M., Iki K., Takahama M., Tsujiuchi T., Morishita T., Tamai S., Konishi Y.
Overexpression of matrix metai!dproteinase (MMP-9) correlates with metastatic potency of
spontaneous and 4-hydroxyaminoquinoline 1-oxide (4-HAQO)-induced transplantable
ostecsarcomas in rats. Gancer Letters 137:200-16, 1299,

Uchida, M., Shima, M., Shimoaka, T., Fujieda, A., Obara, K., Suzuki, H., Nagai, Y., tkeda, T.,
Yamato, H. and Kawaguchi, H. Regulation of matrix metalloproteinase (MMPs) and tissue
inhibitors of metalloproteinase (TIMPs) by bone resorptive factors in osteoblastic celis. J. Cell.
Physiol. 185 207-214, 2000.

Nagase, H. and Woessner JF : Matrix metalloporteinases. J Biol. Chem. 274: 21491-21494,
1999,

Rossouw, J.E., Lewis, B., Rifkind B.M.: The value of lowering cholesterol after myocardial
infarction. N. Eng. J. Med. 323(16): 1112-9, 1990.

Brown W.V. : Cholestero! lowering in atherosclerosis. Am. J. Cardiol. 86(4B): 29H-32H, 2000.
Chan, KA., Andrade, S.E., Boles, M., Buist D.S., Chase G.A. Donahue, J.G. et al. : Inhibitors of
hydroxymethylglutaryl-coehzyme A reductase and risk of fracture among older women. Lancet. -

355(9222) : 2185-8, 2000.



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

25

Chung, Y.S, Lee, M.D., Lee, SKK, Kim, H.M., and Fitzpatrick, L.A. : HM-CoA reductase inhibitors
increase BMD intype 2 diabetes mellitus patients. Jd. Clin. Endocrinol. Metab. 85(3) : 1137-42, -
2000.

Wang, P.S., Solomon, D.H., Mogun, H., and Avorn, J.. HMG-coA reductas inhibitors and the risk
of hip fractures in elderly patients. JAMA. 283(24); 3211-6, 2000.

Mundy, G., Garrett, R., Harris, S., Chan, J., Chen, D., Rossini, G., Boyce, B., Zhao, M., and
Gutierrez, G. :-Stimulation of bone formation in vitro and in rodents by statin. Science. 286:
1946-1949, 1999.

Bellosta, S., Via, D., Canavési, M., Pfister, P., Fumagalli, R., Paoletti, R., and Bernini, F. HMG-
CoA reductase inhibitors reduce MMP-8 seoretioﬁ by macrophage. Arterbscler Thromb Vasc
Biot, 18(11): 1671-8, 2000

lkeda, U., Shimpo, M., Ohki, R., Inaba, H., Takahashi, M., Yamamoto, K., and Shimada, K.
Fluvastatin inhibits matrix metalloproteinase-1 expression in human vascular endothelial cells.
Hypertension, 36; 325-329, 2000

Liotta L.A., Steeg P.A., Stetler-Stevenson, W.G. Cancer metastasis and angiogenesis : an
imbalance of positive and negative regulation. Cell 64; 327-36, 1991.

Birkedal-Hensen, H., Proteolytic remodeling of extraceliular matrix, Curr. Opin. Cell. Biol.7:728-
35, 1995.

Munaut C. Salonurmis T., Kontusaari S., Reponen P., Morita T., Foidart JM., Tryggvason K.
Murine matrix metalloproteinase 9 gene. Journa!l of Biclogical Chemistry. 274: 5588-96, 1999.
Massova 1., Kotra L.P., Fridman R., Mobashery S. Matrix metalloproteinases: structures,
evolution, and diversification. FASEB.12:1075-95, 1998.

Rodan G.A., Martin T.J. Role of osteoblasts in hormonal control of bone resorption-a hypothesis.

Calcif Tissue int 33:349-51, 1981.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

26

Aubin J.E., Bonnelye B. Osteoprotegerin and its ligand : a new paradigm for regulation of
osteoclastogenesis and bone resorption. Osteoporos Int. 11:805-13, 2000.

Chambers TJ., Fuller K. Bone cells predispose bone surfaces to resorption by exposure of
mineral to osteoclastic contact. J Cell Sci 76:155-65, 1985.

Holiday L.S., Welgus, H.G., Fliszar, C.d., Veith, G.M., Jeffrey, J.J., and Gluck, S.L. Initiation of
osteoclast bone resorption by interstitial collagenase. J Biol Chem, 272: 22053-8, 2000
Boudreau N., Bissell Md. Extracellular matrix signaling : integration of form-and function in norma’f _'
and malignant cells. Curr Opin Cell Biol 10:640-6, 1998.

Bidwell JP., Alvarez M., Feiéter H., Onyia J., Hock J. Nuclear matrix proteins and osteoblast gene
expression. Journal of Bone and Mineral Research. 13; 155-67, 1998.

Vu T.H., Shipley J.M., Bergers G., Berger J.E., Helms J.A., Hanahan D., Shapiro S.D., Senior
R.M., Werb Z. MMP-9/gelatinase B is a key regulator of growth plate angiogenesis and apoptosis’
of hypertrophic Chondrocytés. Cell 93:411-22, 1998.

Mohan R., Rinehart W.B,, éargagna—Mohan P., Fini M.E. Gelatinase B/lac Z transgenic mice, a
model for mapping gelatinase B expression during development and injury-related tissue
remodeling. Journal of Biological Chemistry. 273: 25903-14, 1998,

Lubeert Stryer. Biochemistry 3" edition - Chapter 23 : Biosynthesis of lipids, W.H. Freeman and »
company, New York, USA, 1988.

Brown, S.M., Faust, R.J., and Goldstein L.J. ; Induction of 3-hydroxy-3-methylglutaryl coenzyme
A reductase activity in human fibroblasts incubated with compactin (ML-236B), a competitive
inhibitor of the reductase. Journal of Biclogical Chemistry. 253 : 1121-28, 1978.

Hardman, J.G. and Limbird, L.E.: Goodman & Gliman's : The pharmacological basis of

therapeutics, 9th International edition, The McGraw-Hil companies, inc. 1998.



44

45,

46.

47.

48.

49.

50.

51.

27

Brown, S;M. and Goldstein, L.J. | Multivalent feedback regulation of HMG CoA reductase, a
control mechanism coordinating isoprenoid sythesis and cell growth. Journal of Lipid Research.
21:505-17, 1980.

Schafer, W.R., Kim, R., Sterne, R., Thorner, J., Kim S. and Rine, J. : Genetic and
pharmacological suppression of oncogenic mutations in RAS genes of yeast and humans,
Science. 245: 379-385, 1989.

Kureishi, Y., Luo, Z., Shiojima, ., Bialik, A., Fulton, D.; Lefer D.J., Sessa, W.C.-and Walsh, K. :
The HMG-CoA reductase inhibitor simvastatin activates the protein kinase Akt and promotes
angiogenesis in normocholesterolemic animals. Nature Medicine. 6 : 1004-1010, 2000.

Sato H., Seiki M. : Regulatory mechanism of 92 kDa type IV collagenase gene expression which
is associated with invasivepness of tumor cells. Oncaogene.8, 395-405, 1993.

Sato H., Kita M., Seiki M.: v-Src activates the expression of 92-kDa type IV collagenase gene
through the AP-1 site and the GT box homologous to retinoblastoma control elements. Journal of
Biological Chemistry. 268, 23460-8, 1993.

Gum R, Lengyel E., Juarez J..: Stimulation of 92-kDa gelatinase B promoter activity by ras is
mitogen-activated protein kinase 1-independent and requires multiple transcription factor
binding sites including closely spaced PEA3/ets and AP-1 sequences. Journal of Biclogical
Chemsitry, 271, 10672-80, 1996.

Ricca A., Biroccio A., Bufalo D., Mackay A., Santeni A., Cippitelli M. : bcl-2 over-expression
enhances NF-kB activity and induces mmp-9 transcription in human MCF7*™ breast cancer
cells. International Journal of Cancer. 86, 188-196, 2000.

Himelstein E., Lee E., Sato H., Seiki M., Muschel R. : Tumor cell contact mediated transcriptional

activation of the fibroblast matrix metalloproteinase-9 gene: involvement of muitiple trancription



52.

53.

54.

55.

56.

28

factors including Ets and an alternating purine-pyrimidine repeat. Clinical Experiment Metastasis.
16, 169-77, 1998.

Wong G.L. and Cohn D.V. Target cells in bone for parathormone and calcitonin are different
enrichment for each cell type by sequential digestion of mouse calvaria and selective adhesion
to polymeric surface. PNAS. 72: 3167-71, 1975.

Aronow M.A., Gerstenfeld L.C., Owen T.A,, Tassinari M.S., Stein G.S. and Lian J.B. Factors that
promote progressive development of the osteoblast phenotype in cultured fetal rat calvaria celis.
Journal of Cellular Physiology 143: 213-21, 1990.

Desager J.P. , Horsmans Y. Clin. Pharmacokinet. 31: 348-371, 1996.

Chen Q.J;, Lund L;, Lenhard T., Engsig M., Winding B., Therkildsen B., Pedersen AC., Delaisse
J.M. MMP-9 is a regulator of osteoclast recruitment as demonstrated by targeted mautagenesis.
Bone 23:5548, 1998,

Ramamurthy N.S., Xu J-W, Bird J., Baxter A., Bhogal R., Wills R., Watson B., Owen D., Wolff M.,
Greenwald R.A. Inhibition of alveolar bone loss by matrix metalloproteinase inhibitors in

experimental periodontal disease. J Periodont Res 37:1-7, 2002.



29

Simvastatin decreases the gelatinolytic acitivity

of MMP-9 in dose-dependent manner, at 48 hr.
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Simvastatin do not have the direct effect on MMP-9

degradation in conditioned media collected from U2-OS
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Western blot revealed simvastatin reduces

the MMP-9 expression in U2-OS at 48 hr.
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Simvastatin reduces the level of MMP-9 mRNA expression

of U2-0OS cell in time dependent manner
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Simvastatin reduces the level of MMP-9 mRNA
expressionof U2-OS cell in time dependent manner (cont.)

*P<0.05
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Effect of simvastatin on the gelatinolytic activity and

protein levels of enzyme MMP-9 in primary calvaria cells
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Effect of simvastatin on the gelatinolytic activity and
protein levels of enzyme MMP-9 in primary calvaria cells

(cont.)
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